Abstract. In this work, copper nanopowder was prepared by utilizing the wire explosion technique in different ambient gas. Ambient gases being used were argon, nitrogen and argonnitrogen mixture. The ambient gas pressure was 500 mbar. Copper wires with diameter of 125 μ m and length of 6.1 cm were used. The powders being prepared were evaluated by transmission electron microscope (TEM) and X-ray diffractometry (XRD). Current and voltage signals were obtained to investigate the wire explosion process and energy deposition into the wire during the discharge.
INTRODUCTION
The wire explosion technique is among the gas phase synthesis methods which generate a supersaturation by using physical method [1] . A review on the literature related to the production of nanopowder by using this technique has been done by Kotov [2] . Effect of various experimental parameters of the wire explosion technique on particle size distribution has been investigated by researchers. Among them are: ambient gas [3] , ambient pressure [4] , deposited energy [5] and initial crystallite size of wire [6] . In this work, effort is made to investigate the effect of nitrogen, argon and their mixture on the particle size for powder produced from wire explosion.
EXPERIMENTAL SETUP
The experimental parameters are shown in table 1. The schematic diagram of the wire explosion system with a coaxial configuration is shown in figure 1 . The electrical circuit and diagnostic tools are shown. Copper wires are exploded in ambient gases of 100% nitrogen, 75% nitrogen + 25% argon, 50% nitrogen + 50% argon, 25% nitrogen + 25% argon and Argon and Nitrogen Ambient pressure, P 500 mbar 100% argon. The percentage of each gas in the mixture is determined from the partial pressure of the gas. Membrane filter is used to collect powder produced from the wire explosion process. Glass substrate is used to collect powder for XRD analysis. Magnetic probe and voltage probe are used to obtain the current and voltage signal respectively. Meanwhile, PIN diode (BPX 65) is used to obtain radiation intensity (wavelength: 350 nm -1100 nm) from the wire explosion process.
RESULTS AND ANALYSIS
Typical current, voltage and PIN diode signals obtained from two separate wire explosion discharges are shown in figures 2(a) and 2(b). Signals obtained from discharges in binary gas ambient and pure nitrogen ambient have different discharge dynamics compared to those in pure argon ambient. It can be observed from figure 2(a) that the wire has been exploded when the current flowing through it reaches around 10 kA during the initial current spike. However, the main electrical discharge through the vapour and the ambient gas only occurs at a much later time of some 8 µs. On the other hand, for the case of pure argon ambient, from figure 2(b), the gas discharge phase starts immediately after the wire explosion. By calculating the specific action, g = ∫ j
2 dt from the current signal, where j is current density and t is time, the point where solid heating, melting, liquid heating and vaporization of wire ended can be estimated. This is done by knowing the maximum value of g of each stage, gmax. These values for copper wire with current density of the order of 10 7 A/cm 2 are obtained from [7] and shown in table 2.
From the calculation, it is possible that the process of wire vaporization is completed before the onset of the main gaseous discharge in the case of binary gas and pure nitrogen ambient. In the case of pure argon ambient, gaseous discharge was found to occur before vaporization of wire started. Thus, it is possible that the wire was actually being heated only briefly and when the gaseous discharge was initiated, the current will stop flowing through the wire. It is postulated that the wire may be vaporised by the argon thermal plasma which was formed due to the discharge. The exact mechanism involved cannot be clearly understood from the above results. Further experimental evidences are needed in order to formulate the actual mechanism. Typical XRD result for powders obtained from the wire explosion process is shown in figure 3 . Three peaks are observed at 2θ = 43. . From [8] , these peaks correspond to copper crystalline structure with (hkl) planes of (111), (200) and (311). Through TEM analysis, particles with circular, elliptical and irregular shape have been observed in samples produced from the five different ambients. Aggregation of particles has been observed in all the samples. TEM image of nanopowder produced in binary gas ambient of 75% nitrogen + 25% argon is shown in figure  4 . Particle size distributions for nanopowders produced in different ambient are shown in figure 5 . From the distribution, about 70% of the particles collected are in the range of 10 nm -39 nm for the case of binary gas ambient and nitrogen ambient. Meanwhile, only 48% of particles are in this range for the case of argon ambient. It is suggested that the quantity of particles with sizes larger than 39 nm is higher in the case of argon ambient because the energy deposition is low due to early ambient breakdown. As argon content in the ambient increased, percentage of particle in the range of 10 nm -29 nm decreased from 44% to 30%. Mean particle size for particles obtained from the cases of binary gas ambient and nitrogen ambient are about 35 nm while it is about 39 nm for the case of argon ambient. 
CONCLUSIONS
By utilizing the wire explosion technique with parameters given in table 2, about 70% of particles being produced in binary gas ambient and nitrogen ambient have sizes less than 40 nm while only 48% of particles produced in argon ambient are less than 40 nm. Meanwhile, the quantity of particles less than 30 nm increased from 30% to 44% as the nitrogen content increased from 0 -100%. Pure copper crystalline structures have been observed through XRD analysis for powders obtained from different ambient. It is suggested that wire explosion in binary gas ambient and nitrogen ambient is going through different process compared to that in argon ambient. nitrogen +50% argon, (d) 25% nitrogen + 75% argon and (e) 100% argon ambient.
